The immediate and late complications of prolonged nasotracheal intubation in eightythree children are reviewed. Twenty-six of the thirty survivors were examined by laryngoscopy to determine the incidence of permanent laryngeal lesions. Seventeen had no lesion. Of the remaining nine, two had severe subglottic stenosis, four slight subglottic stenosis, and three minor degrees of scarring without narrowing. In order to prevent these complications arising, it is recommended that intubation be carried out as gently as possible, using the smallest tube which will permit adequate ventilation, and that the duration of intubation should not exceed seven days.
Prolonged nasotracheal intubation is now recognized as an alternative to tracheostomy in the management of acute respiratory disorders in infants and children (Allen and Steven, 1965; Markham, Blackwood and Conn, 1967; McDonald and Stocks, 1965; Striker, Stool and Downes, 1967) . However, all these authors have described cases in which prolonged intubation has resulted in permanent scarring of the larynx or trachea.
The technique of nasotracheal intubation using a T-tube (Rees and Owen-Thomas, 1966 ) has been in use at Alder Hey Children's Hospital since October 1964 . Owen-Thomas (1967 found that two of these children who had been treated by this method subsequently developed symptoms of severe subglottic stenosis. A review of all patients who required prolonged nasotracheal intubation was undertaken in order to determine the difficulties that arise as a result of this technique, and the factors involved in the production of complications. Table I shows the diagnosis in the cases treated by nasotracheal intubation during the period from October 1964 to October 1966. Eighty-three cases were intubated for periods ranging from 1 day to 34 days ( fig. 1 ). The age distribution of the cases is shown in figure 2 .
MATERIALS AND METHODS
The 30 survivors were requested to attend for examination and 26 attended. The time interval between therapeutic intubation and follow-up varied between 6 and 18 months. They or their parents were asked if there were any respiratory difficulties such as noisy breathing or hoarseness. The nares were examined for scarring. Laryngoscopy was carried out under general anaesthesia using intravenous atropine, methohexitone, nitrous oxide, oxygen and suxamethonium. The size of the glottis was estimated by inserting plain (Portex) tubes up to the size which could just be inserted without force. The same set of tubes was used throughout and they were sterilized by immersion in chlorhexidine. The internal diameter of an endotracheal tube, in millimetres, which can normally be inserted in a child was calculated using the formula (age in years-4-4) + 4.5 mm. The glottis was regarded as being small if a tube of size smaller than calculated fitted comfortably. The same formula was used to estimate if the tube which had been used originally was large, normal or small. The complications were divided into those occurring during intubation, immediately after extubation, and 6 months or more after extubation. scopy had some lesion of the larynx. Two cases had symptoms of respiratory obstruction due to subglottic stenosis. Table IV gives details of the diagnosis, tube size, duration and frequency of intubation, duration of stridor, and laryngoscopy findings of the 26 cases who attended for follow-up. Of the 17 patients who had no laryngeal lesion (table IVA) , 12 had suffered from lower respiratory tract disease, 3 from upper respiratory tract disease, and 2 from central respiratory failure. The remaining 9 cases (table IVB) had laryngeal lesions, and 2 of these had symptoms of subglottic narrowing (case Nos. 24 and 26). Of these 9 patients, 3 had suffered from lower respiratory tract disease, 5 from upper respiratory tract disease, and 1 from central respiratory failure. The information in table IV (A, B) was examined to determine if the site of the primary disease, tube size, duration of intubation, frequency of intubation or duration of postextubation stridor were associated with the subsequent development of laryngeal changes. A statistical analysis could not be undertaken because the number of variables was too large in relation to die size of each group. More patients who had suffered from upper respiratory tract disease developed permanent laryngeal changes than those who had lower respiratory tract disease or There are an increasing number of reports of permanent laryngeal damage following prolonged nasotracheal intubation. These are summarized in table X.
In this series, out of the 26 survivors, 9 (30 per cent) were found to have a laryngeal lesion at laryngoscopy. Only 2 (8 per cent) of the survivors had laryngeal symptoms and this incidence compares reasonably well with the complication rates given in table X. Any differences in complication rates given in table X may also be accounted for firstly by the different case content in each series since some may be mainly postcardiac surgery cases, and also by the fact that in most published series all the survivors have not undergone laryngoscopy.
In this study an attempt has been made to determine the factors contributing to permanent laryngeal damage. It is reasonable to assume that the presence of an endotracheal tube in patients who are already suffering from inflammation of the larynx or trachea would aggravate the condition. These results confirm this view; 4 out of 6 patients with laryngo-tracheo-bronchitis developed subglottic scarring. The size of tube used would also appear to be an important factor, as too large a tube would cause pressure ulceration. The results do not show any relation between the size of tube and the incidence of scarring. However, the assessment of tube size used was based on the calculation (age in years H-4) + 4.5 =internal diameter in millimetres and this does not take into account individual variations in the size of the glottis, nor the additional narrowing of the glottis caused by inflammation. The skill with which intubation is performed is important, and traumatic intubation can produce local ulceration and oedema within 4 hours (Dwyer, Kronenberg and Saklad, 1949) . Case No. 25 was intubated with a large tube for general anaesthesia for a period of 7 hours. At extubation he rapidly developed laryngeal obstruction. A small nasotracheal tube was inserted and left in place for 2 days. He subsequently developed subglottic stenosis. Markham, Blackwood and Conn (1967) recommend that in upper airway disease the smallest-sized tube which will permit adequate ventilation and suction should be inserted, and in a normal airway a tube one size smaller than that which completely occludes the airway should be used. Intubation should be carried out as atraumatically as possible.
The duration of intubation must be an important factor in producing pressure ulceration and fibrosis. The results show that permanent scarring of the larynx is less common if the tube has been in place for less than 7 days.
Repeated replacement of the tube is usually necessary because it has become blocked by secretions, or has been accidentally removed. In this series, obstruction of the tube by secretions occurred on 30 occasions in 16 patients. Obstruction of the tube by secretions can be avoided by ensuring adequate humidification of inspired gases. This is particularly important when secretions are viscid, as in bronchopneumonia, and also when small-sized tubes are used.
The methods of humidification used are: (a) Inspired air or oxygen is passed over a hot water humidifier, which is connected to the nasotracheal tube, so that the gases arriving at the patient have a humidity relative to body temperature of 70 per cent or more. This method is effective providing secretions are not excessively viscid.
(fe) The inspired gases are passed through a nebulizer which is connected by flexible tubing to the nasotracheal tube.
These two methods are suitable for the patient who is relatively immobile. The following two methods enable the patient to move about more freely.
(c) Sterile normal saline is injected down the tube at half-hourly intervals. The amounts used are 0.5 ml for children less than 1 year old, 1 ml for 1-5 years, and 2 ml if over 5 years. This method is effective if carried out regularly, but carries with it an increased risk of introducing infection.
(d)
The ultrasonic nebulizer is the most effective way of maintaining adequate humidification. It is effective either in an incubator or a small oxygen tent, and because of the density of the vapour produced it is unnecessary to connect it directly to the tube.
Heat and moisture exchangers were not used in this series.
Extubation stridor is particularly common in patients with laryngo-tracheo-bronchitis or other upper airway disease. Laryngoscopy at extubation • usually shows an area of necrosis covered by loose membrane in the subglottic region. Subglottic oedema may develop following extubation in these cases. A short course of systemic hydrocortisone starting 6 hours before extubation and continuing for 24 hours afterwards may be effective in reducing this oedema.
The larynx should be examined at extubation, and any loose membrane removed with forceps. In this series, all the patients who had postextubation stridor for 3 or more days developed scarring of the larynx.
The common factor producing subglottic scarring appears to be trauma to the tracheal mucosa, particularly at the level of the cricoid. These findings support the suggestions of Markham, Blackwood and Conn (1967) regarding tube size. The aim of prolonged nasotracheal intubation should be the provision of an adequate airway, and not the provision of the largest possible airway. An adequate airway under these conditions is defined as that which allows pulmonary ventilation without intercostal or sternal recession, and without marked tachypnoea. Furthermore, the duration of intubation should be less than 7 days. If these limitations are likely to be exceeded, tracheostomy should be carried out at the earliest opportunity to prevent further laryngeal trauma, and before irrevocable laryngeal damage has occurred. PRAGUE, SEPTEMBER 3-6, 1968 Principal subjects:
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